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ABSTRACT 
Maillet, P., Monzier, M., Sélo, M. and Storzer, D., 1983. The D'Entrecasteaux Zone 
(Southwest Pacific). A petrological and geochronological reappraisal. Mar. Geol., 53: 
17 9-197. 
The D'Entrecasteaux Zone (Southwest Pacific) is an arched submarine horst- and 
graben structure, which extends from the northern end of the New Caledonia ridge to the 
western border of the New Hebrides island arc. A review of the bathymetry, seismic- 
reflection data, paleomagnetism, gravimetry, seismology and DSDP data available for this 
area is combined with a study of basaltic samples dredged along the horsts of this regional 
fracture zone. These basalts show strong petrographic and chemical affinities with MORB. 
Their fissiontrack ages range between 56 Ma (Paleocene-Eocene boundary) and 36 Ma 
(Eocene-Oligocene boundary). It is suggested that the D'Entrecasteaux Zone represents 
the northern arcuate extension of the northeast-dipping Eocene subduction/obduction 
zone, located along the New Caledonia/Loyalty Islands ridge, while its present morpho- 
logy appeared from post-obduction extensional movements, resulting in a progressive 
uplift of basaltic ocean floor since Middle Miocene times. 
INTRODUCTION 
The D'Entrecasteaux Zone, located between the northern part of the New 
Caledonia ridge and Santo and Mallicolo Islands (Vanuatu, formerly New 
Hebrides) separates the North D'Entrecasteaux Basin from the North Loyalty 
Basin (Fig.1). Daniel et al. (1977) interpret this zone as relics of the northern 
end of the northeast-dipping subduction zone which, during Eocene times, 
was situated in the area of the New Caledonia/Loyalty Islands. 
transform similar t o  the active Hunter Fracture Zone, which links the New 
Hebrides and the Tonga island arcs. 
Although presently inactive, this structure may have behaved as an arc-arc 
BACKGROUND AND PREVIOUS WORK 
The D'Entrecasteaux Zone forms a long and narrow structure (approxi- 
mately 100 by 600 km) of positive relief above the surrounding ocean basins. 
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Fig.1. Bathymetric chart of the D'Entrecasteaux Zone (Jouannic, 1975 ; unpubl.). 
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It can be divided into two segments (Figs.2 and 3): (1) an arched western 
segment, orientated SSW-NNE; and (2) a straight eastern segment, orient- 
ated W-E . 
The entire length of the western segment of the D’Entrecasteaux Zone is 
characterized by horst- and graben morphology; the gently sloping north- 
western flank of this structure rises regularly from the North D’Entrecasteaux 
Basin to the summit of the principal horst. The relatively steep southeastern 
flank of the principal horst borders a depression, which is separated from the 
North Loyalty Basin by a series of secondary horsts. 
The eastern segment of the D’Entrecasteaux Zone is also characterized by 
horst- and graben morphology. It differs from the western segment by having 
generally less distinct relief and a particular structural arrangement, around a 
complex and steep-flanked horst. The northein slope of this horst is bounded 
by a pronounced depression, while its southern sid’e slopes steadily toward 
the North Loyalty Basin. Near the eastern end of the D’Entrecasteaux Zone 
there is a conical seamount, the Sabine Bank, which has a morphology re- 
sembling a volcano. 
D’Entrecasteaux Zone (profiles GO 204,109,212,214 and 105) the follow- 
ing structural elements are apparent from northwest to southeast (Figs.3 
and 4): 
From the seismic-reflection profiles of the western part of the 
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Fig.2. Block-diagram showing the main topographic features of the D’Entrecasteaux Zone. 
Bathymetric contours from Fig.1. Vertical exaggeration 37 X. A = northern extension of 
the New Caledonia ridge$ = Loyalty Basin; C = Loyalty Islands ridge; D = D’Entrecasteaux 
Zone; E = Sabine Bank; F = Santo Island (Vanuatu; New Hebrides); G = North 
D’Entrecasteaux Basin;H = North Loyalty Basin; I = DSDP Site 286. Small arrows locate 
dredging sites (see Fig.3). 
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Fig.3. Structural map of the D’Entrecasteaux Zone and location of seismic profiles and dredging sites. 1 = northern extension of the 
New Caledonia ridge; 2 = New Hebrides island arc; 3 = ocean-floor basalts outcrops along the D’Entrecasteaux Zone horsts; 4 = 
unknown-nature “basement”; 5 = sedimentary cover; 6 = sediment thickness inferred from seismic-reflection profiles (in two-way 
travel time seconds); 7 = northwestern limit of the thick sedimentary basin characterizing the western part of the D’Entrecasteaux 
Zone; 8 = apparent fracture; 9 = fracture hidden by sediments; 1 O = inferred fracture; 11 = horst; 12 = graben; 13 = GEORSTOM 
profiles (bathymetry; seismic reflection; magnetism) and CHAIN 9 profile (Luyendyk et al., 1974); 14 = dredging sites (GEORSTOM 
IIINORD cruise). 
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Fig.4. Standard profile across the western part of the D'Entrecasteaux Zone. Top: inter- 
pretation of the seismic-reflection profile; bottom : Ill-scaled bathymetric profile. 
(1) The North D'Entrecasteaux Basin, with a thin sediment cover (0.2- 
0.5 s: two-way travel tirne in seconds). 
(2) A straight and narrow basin (approximately 60 by 250 km), charac- 
terized by a noticeable thickening of the sedimentary series (up to 2.3 s). 
This basin seems always to be divided by the main horst into two unequal 
parts (Fig.4): 
(a) Sediment thickness on the gently sloping northwestern flank reaches 
2.3 s; this flank resembles a monocline, the dip of which is probably due to 
late uplift of the main horst. The sedimentary strata show a slight discord- 
ance upon a faulted, gently southeastdipping substratum. Sedimentation 
was most likely contemporaneous or quasi-contemporaneous with the tec- 
tonics affecting the substratum. 
(b) Sediments on the southeastern part are less thick (1.5 s) and lie in a 
graben, bordered to the northwest by the main horst and to the southeast by 
a more or less distinct, smaller, secondary horst. The sedimentary strata dip 
gently to the northwest, except close to the main horst, where they clearly 
show a reversal to the southeast, thus giving a synclinal form to the basin. 
This reversal is certainly due to the late uplift of the main horst. The aspect 
of the sedimentary layers and of the underlying faulted substratum again 
indicates that most of the deposits have been virtually contemporaneous 
with the tectonics. 
(3) Some secondary horsts that are more or less distinct, and in some places 
reduced to simple faults (profiles GO 105 and GO 214; Fig.3). 
(4) The North Loyalty Basin, which is characterized, like the North 
D'Entrecasteaux Basin, by a thin sedimentary cover (0.5-4.7 s). 
As to the seismic profiles on the eastern part of the D'Entrecasteaux Zone 
(profiles GO 206, GO 207 and GO 104) they show, from north to south (Figs. 
3 and 5): 
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Fig.5. Standard profile across the eastern part of the D'Entrecasteaux Zone. Top: inter- 
pretation of the seismic-reflection profile; bottom : l/l-scaled bathymetric profile. 
(a) The southern end of the North D'Entrecasteaux Basin, with its thin 
sedimentary cover (0.3 s). 
(b) A straight and narrow graben-like sedimentary basin bounded by a 
series of conjugate faults. In its central part, the sedimentary thickness can 
reach 1.7 s. 
(c) A double horst, bordering a graben significantly smaller than the 
former one, and without significant sedimentary deposits. 
(d) A transition zone between this horst and the North Loyalty Basin, 
characterized by the lack of sediments, numerous faults and a steady deepen- 
ing of the structures. The Sabine Bank, probably a former volcano, seems to 
have formed within this transition zone. 
Lapouille (1982) presented and discussed in detail the paleomagnetic data 
available on the North Loyalty and North D'Entrecasteaux Basins (Fig.9). 
The North Loyalty Basin is characterized by a series of ENE-WSW-orienta- 
ted magnetic anomalies (anomaly 18 to 23), which emphasize the northward 
motion of the North Loyalty Basin crust between 42 and 55 Ma (see also 
Weissel et al., 1982). These anomalies are absent near the D'Entrecasteaux 
Zone, because of the complex morphology of the latter, Further north, new 
lineations appear on the North D'Entrecasteaux Basin (anomaly 30 to 34), 
which show a variable orientation (W-E in the western part of the basin; 
NE-SW in its central part; WNW-ESE in its eastern part). The change of 
lineation orientation between the western and central parts of the basin 
could be related to  a hypothetical main fracture, lying on the northwestward 
extension of the Loyalty Islands ridge. The identification of anomalies 30 to 
34 indicates a formation of the North D'Entrecasteaux Basin between 80 
and 66 Ma (Late Cretaceous), accompanied by a crustal drift from southeast 
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to northwest (or from south to north). Lapouille (1982) concludes that 
both the North Loyalty and the North D'Entrecasteaux Basins once were 
parts of the same basin, originating from a southern spreading centre which 
later broke apart because of tectonic movements along the D'Entrecasteaux 
Zone. 
Gravimetry data are available only from a single profile (Luyendyk et al., 
1974)' which is located at the eastern part of the D'Entrecasteaux Zone 
(Chain 9; Fig.3). Although this profile is not centered on the D'Entrecasteaux 
Zone, Chung and Kanamori (1978) interpret the two Bouger anomaly 
minima as an indication of an isostatic compensation of the structure, 
because of the presence of low-density roots beneath the two topographical 
heights apparent on the bathymetric profile. 
Seismological studies show that no earthquake with magnitude greater 
than 4.7 has occurred along the D'Entrecasteaux Zone since 1964 (R. 
Louat, pers. commun., 1982). This observation supports the lack of import- 
ant horizontal or vertical movements since this date, but does not exclude 
any limited readjustments. 
DSDP drill hole 286 located near Santo and Mallicolo Islands (Figs.1 
and 6) cut 650 m of sedimentary or volcanosedimentary rocks, before enter- 
ing 10  m of basaltic pillow lavas, which are thought to be the wall rock of a 
47 m-wide gabbroic intrusion (Andrews, Packham et al., 1975; Stoeser, 
1975; Landmesser et al., 1975). Whether these.intrusive rocks represent sea- 
floor basement or not remains unsolved. Basalts dredged from DSDP Site 286 
differ mineralogically from those of the D'Entrecasteaux Zone (see below) 
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Fig.6. Stratigraphy and lithology of formations drilled in DSDP Site 286 (from Andrews, 
Packham et al., 1975). 
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because of the presence of olivine (accordingly, Cr and Ni contents are higher 
in the former than in the latter; Table I), and because of a higher K 2 0  con- 
tent (possibly due to an advanced degree of alteration). 
Since DSDP 286 basalts have strong geochemical affinities with abyssal 
tholeiites (ocean-ridge tholeiites), we assume in the following discussion that 
these basalts correspond to the upper part of the sea-floor basement. The 
underlying gabbro displays an altered chilled margin close to the basalt. 
Moreover, chemical characteristics of the former are unknown, due to its 
strongly pronounced alteration. The age of this basaltic formation should be 
contemporaneous with or older than the oldest sediments of the Middle 
Eocene siltstone formation (47 Ma). However, Andrews and Packham et al. 
(1975) suggest that warm and slightly acidic emanations, originating in the 
gabbroic intrusion, may have more or less metamorphosed the lower part of 
these sediments. Consequently, if the same magmatic process has produced 
basalts and gabbros, sea-floor formation could have started just before 47 Ma, 
by basaltic emission, followed by gabbroic intrusion at the time of deposi- 
tion of the first Eocene silts (47 Ma). 
The principal characteristics of the overlying sedimentary sequence are as 
follows: 
(a) Most of the series is made up of rapidly deposited, Middle and Upper 
Eocene (47-41 Ma) turbidites of alternating siltstone and sandstone (sub- 
units 3A and 3C in Fig.6). These medium-depth formations contain a signifi- 
cant amount of volcanic glass and pumice of intermediate silica content and 
indicate andesitic volcanism. The non-bedded volcanic conglomerates (sub- 
unit 3B in Fig.6) suggests the presence of a nearby emerged volcanic ridge 
from which this volcanosedimentary series originated. The presence of an 
oceanic basement, covered by rapidly deposited and substantially andesitic 
debris until Late Eocene seems to indicate that DSDP Site 286 was located 
at that time in a marginal basin near an active island arc; 
(b) The volcanic activity and sedimentation rate drastically decrease 
during Late Eocene and Oligocene (41-22 Ma; unit 2 in Fig.6), and the sedi- 
ments become distinctly biogenic (chalks and calcareous mudstones with 
minor amounts of volcanic ashes). This sedimentation change is marked by a 
progressive deepening, probably caused by lithosphere cooling. 
(c) The subsidence becomes more pronounced during the Late Oligocene 
and Early and Middle Miocene (22-13 Ma), with deposition of abyssal red 
clays (subunit 1B in Fig.6). Interlayered glassy fragments suggest a reactiva- 
tion of remote volcanic activity at that time. 
(d) The absence of Miocene formations argues for an important hiatus 
(13-5 Ma) related to a possible deformation of the oceanic floor, close to 
DSDP Site 286. 
(e) During the Early Pliocene, the sedimentation starts again, as shown by 
the increasing arrival of radiolaria- and nannofossil-rich volcanic ashes, up to 
the top of the sedimentary sequence (subunit 1A in Fig.6; 5 Ma up to Pre- 
sent). These volcanic ashes, at least the most recent ones (2.5 Ma up to 
Present), could be derived from the New Hebrides active island arc. 
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TABLE I 
Chemical compositions of dredged basalts from the D’Entrecasteaux Zone 
V t  z 
SiOz 
A1203 
Fe203 
Fe0 
WO 
N O  
Cao 
Na20 
K20 
Ti02 
PZ05 
H20- 
H20t 
TOTAL 
F ~ ~ o ~  I F ~ O  
F,O*IM,O 
Feo* 
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Rb 
sr 
Ti 
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Nb 
N i  
CO 
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Cr 
RbJSr 
K/Rb 
YlNb 
d 
314 02 315 DI9 316 024 317 D9 
~ 
320 DI 322 03 223 D I  ?24 D3 324 04 
50.10 
15.45 
5.85 
3.50 
0.14 
6.95 
10.45 
3.00 
0.41 
I .37 
0.22 
1.50 
0.81 
99.75 
I .67
8.76 
1.26 
3402 
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I I9 
8220 
I10 
48 
4 
I O0 
5 0  
272 
. 309 
0.050 
567 
I2 
2.60 
49.00 
16.25 
5.15 
3.50 
0.09 
5.55 
11.85 
2.95 
0.41 
1 . 1 7  
0.80 
2.08 
1.58 
100.38 
1.47 
8.13 
I .46 
3402 
8 
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7020 
74 
32 
2 
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29 
242 
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0.052 
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16 
2.35 
48.40 
15.15 
5.55 
5 .15  
O. 13 
4.85 
I I .50 
3.30 
0.50 
1.91 
1.03 
I .58 
1.37 
100.42 
1.08 
10.14 
2.09 
4149 
13 
169 
I1460 
124 
60 
3 
36 
31 
300 
I24 
0.077 
319 
20 
2.40 
49.70 
16.40 
6.45 
4.05 
0.11 
3.50 
9.95 
3.90 
o. 28 
I .84 
1.27 
1.79 
I .35 
100.59 
1.59 
9.85 
2.81 
2323 
5 
280 
I IO40 
120 
39 
2 
26 
22 
429 
26 
0.018 
465 
19.5 
2.20 
50.40 49.50 49.00 49.60 49.10 
18.10 16.05 16.34 16.77 16.40 
5.45 7.45 4.60 2.46 2.25 
2.45 3.40 5.22 6.93 8.00 
0.10 0.12 0.18 0.15 0.16 
4.10 4.90 5.99 6.38 6.95 
9.60 8.90 11.58 12.91 11.95 
2.95 3.15 2.97 2.43 2.40 
0.52 0.47 0.20 0.08 0.13 
0.99 1.40 1.90 1.36 1.45 
0.06 0.17 0.16 0.09 0.08 
3.40 3.37 1.08 0.25 0.30 
2.00 1.45 0.88 0.31 0.60 
100.12 100.33 100.10 99.72 99.77 
2.22 2.19 0.88 0.35 0.28 
7.35 10.10 9.36 9.14 10.02 
1.79 2.06 1.56 1.43 1.44 
4315 3900 1660 664 1079 
12 4 I I  2 I 
137 150 124 166 153 
6000 8400 11400 8160 8700 
55 100 87 78 79 
22 38 41 26 26 
t r  rr 5 4  5 
35 34 40 I25 139 
35 34 39 46 49 
207 315 328 274 280 
216 68 I72 352 399 
0.088 0.027 0.089 0.012 n . w 7  
360 975 151 332 1079 
- 8.2 6.5 5.2 
2.15 2.30 2.85 2.90 2.95 
F.O* : t o t a i ï r o n  as F ~ O  
d : apparent density 
t r  : traces 
324 06 
48.80 
14.95 
2.6C 
7.90 
0.16 
7.45 
12.15 
2.50 
C0.03 
I .40 
0.08 
0.61 
0.83 
99.43 
0.33 
10.24 
1.37 
<249 
Lr 
I43 
8400 
70 
27 
I 
I O8 
51 
292 
338 
27 
2.90 
DSDP 286 
49. zn 
16.60 
3.40 
6.20 
o. 12 
7.60 
9.90 
2.40 
0.87 
1.50 
0.09 
I .90 
99.78 
0.55 
9.26 
1.22 
7219 
200 
9000 
70 
20 
200 
50 
I50 
500 
MORB 
49.21 f 0.74 
15.81 f 1.50 
2.21 f 0.74 
7.19 f 1.25 
0.16 f 0.03 
8.53 i 1.98 
11 .14  f 0.78 
2.71 * 0.19 
0.26 f 0.17 
1.39 f 0.28 
0.15 f 0.04 
98.76 
0.31 
9.18 
I .O8 
2157 f 1411 
123 f 46 
8340 3 1680 
100 f 42 
43 f 12 
123 f 56 
289 f 73 
296 t 80 
Major elements: Services Scientifiques Centraux de I’ORSTOM, Bondy, France. 
Trace elements: Centre Armoricain d’Etude Structurale des Socles, Université de Rennes, 
France (analyst: H. Martin). 
Sample identification is as follows: 314 D2: sample no.2 from GO 314D dredging site, and 
so on. .  . ; DSDP 286: fine-grained olivine-basalt from DSDP 286 basement (Stoeser, 1975; 
analysis 4, pp.406 and 408); MORB: mean composition of 33 analyses of mid-ocean ridge 
basalts (Melson and Thompson, 1971; analysis 4, p. 429). 
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NEW DATA 
Recent petrological and geochronological data allow us to reconsider the 
problems related to  the D'Entrecasteaux Zone. During GEORSTOM III 
NORD cruise, held in September 1975, the research vessel "Le Noroît" 
carried out 13 dredgings in this area; 11 of them were successful in obtaining 
samples (Fig.3); their coordinates and the rock types encountered are listed 
in Tables II and III, respectively. 
pyroxene, opaque minerals, alteration minerals and mesostasis. Plagioclase 
phenocrysts (An60-,8) are twinned according to the albite law, commonly 
display normal zoning, and are usually sericitized; augite phenocrysts are 
typically euhedral, light-green in color, strongly birefringent, and usually 
altered to chlorite and ouralite; ilmenite (generally leucoxenized) is the main 
opaque species. Absence of olivine, and the erratic presence of calcite must 
be emphasized. 
Acicular, needle-shaped or belt-buckled plagioclases, "comb"-pyroxenes, 
complex plagioclase-pyroxene arborescences are common, and suggest rapid 
quenching. 
Ten samples (among the twenty-five chosen for petrographic study) have 
been chemically analyzed (Table I). 
Major- and trace-element geochemistry of the D'Entrecasteaux Zone 
basalts displays a strong affinity with mid-ocean ridge basalts (MORB); low 
. 
The mineralogy of the basalts remains constant: plagioclase, clino- 
TABLE II 
Coordinates of dredging sites carried out on the D'Entrecasteaux Zone .. 
Dredging s i t e  # Beginning End 
GO 314 D 15°33t0S-165001'3E (-3120111) I 5°33'OS-l 65'03'0E (-28OOm) 
15"22'4S- 164'59'03 (-2 16Om) 15°23'6S-164059'2E (-1800III) GO 315 D 
(2) GO 316 D 15"26' 0S-164°33'2E (-2960111) 15°28'OS-164034t LE (-220Om) 
GO 317 D 15°33'4S-164025'8E (-32OOm) 15°3418S-164026'4E ( -260h)  
............................................................................. 
15°52'1S-163020'8E (-415Om) 15°54'2S-163023'3E ( - 3 6 4 h )  GO320 D 
16°23'8S-163"18'4E (-4190111) 16"24'6S-l 63'20'3E (-3830m) GO321 D 
GO322 D 16"13'5S-163°08'9E (-3680111) 16°12'OS-163007'7E (-2500111) 
( I )  GO323 D 15°55'5S-163024'lE ( - 4 l 8 h )  15°53'6S-163023'4E (-325Om) 
GO324 D 16°47'0S-162051'3E ( - 3 7 5 h )  16°46'2S-162050'6E (-3020111) 
GO325 D 
GO326 D 17°2112S-163"41'4E (-2000111) 17°22'7S-163042'2E (-146Om) 
17°05'OS-163001'3E (-4000111) 17°06'oS-163002'3E (-3700111) 
1 = western part of the D'Entrecasteaux Zone; 2 = eastern part of the D'Entrecasteaux 
Zone. Latitudes, longitudes and bathymetry concern the dredge. 
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TABLE III 
Petrographic types of dredged samples from the D’Entrecasteaux Zone 
Dredsing BBsalt Hyaloclnstite V:lcaniclaa- Clayscone and Polymetallic Polymetallic Jasper and Coral 
tic (tuff) mudecone Cr“6L nodule siliceous limestone 
breccia 
site ff 
-- 
GO314 D +++ ++ 
GO315 D + ++ +++ 
(2 )  GO316 D ++ ++ ++ ++ 
# + 
GO317 D ++ ++ 
F 
.................................................................................................................................. 
M320 D +++ ++ 
GO321 D + 
GO322 D +++ + + 
( I )  GO323 D ++ + + ++ 
GO324 D ++ ++ ++ 
GO325 D + + 
GO326 D + 
+++ : very abundant ++ : abundant + : scarce 
1 = western part of the D’Entrecasteaux Zone; 2 = eastern part of the D’Entrecasteaux 
Zone. 
K 2 0  (<0.5%) and Rb (<lo ppm) contents; intermediate Tio2 contents 
(-1.5%); high transition elements contents (Cr,, Co, Ni, V). 
Cann (1973) diagrams (Fig.7). 
details see e.g. Storzer, 1970; Sélo and Storzer, 1979) were recovered from 
sites GO 314D, GO 316D, GO 323D and GO 325D (Fig.8) and represent 
either glassy pillow margins or hyaloclastic fragments. The bulk uranium 
contents of the fresh remnants of unweathered glasses range between 51 and 
108 ppb. Glass sample 316D22 has the abnormally high uranium content of 
227 ppb which, together with this sample’s low fission-track age (see below), 
could be indicative of the possibility that it is part of a dike intrusion. The 
basalts from all fow sites are altered to  various extents because their uranium 
contents are enriched up to five times compared to the unweathered reference 
glass samples (see e.g. Storzer and Sélo, 1978). Ambient temperatures pre- 
vailing during these alteration processes are estimated to have been 1--5°C at 
sites GO 314D and GO 325D; about 10°C at site GO 323D; but 40-110°C at 
site GO 316D (Table IV). The apparent fission-track ages of the glasses vary 
between 34 Ma in the north and 20 Ma in the south, except for site GO 316D, 
where they are exceedingly low (Table IV). All these ages are thermally 
lowered and require correction as evidenced from fission-track size analyses 
(Storzer, 1970). The ages corrected for thermally induced partial track-loss 
and 36.4 k 5.2 Ma at site GO 325D (Table IV). The corrected fission-track 
ages of these three sites are interpreted as formation ages of the local oceanic 
This affinity is further supported by presenting the results on Pearce and 
The eight glass samples analyzed by means of the fission-track method (for 
e, converge to 56.0 ? 4.9 Ma at site GO 314D; 53.3 f 5.8 Ma at site GO 32333; ” 
r crust and are suggestive for the presence of a formerly active spreading centre 
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in the south-southeastern part of the dated area (with a spreading rate of 
0.613% cm a-l between 60 and 30 Ma). 
As to glass 316D22, the meaning of its corrected fission-track age of 
37 k 12 Ma is not quite clear. If this is a formation age, it could be inter- 
preted as the time of a dike intrusion. If this is a cooling age, it would date 
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Fig.8. Location map of fission-track ages (same captions as in Fig.2). 
the end of a thermal event. In this case the sample could well be about 60 Ma 
old, but owing to a relatively high-temperature environment (due for 
example to hydrothermal circulations), the fission-track clock was contin- 
uously reset so that it started to operate only about 37 Ma ago. We prefer 
TABLE IV 
Uranium fission-track ages of D'Entrecasteaux Zone volcanic glasses (see Storzer, 1970; 
Storzer and Sélo, 1978; and Sélo and Storzer, 1979, for analytical methods) 
Measured age Estimated ambient temperature Corrected age Sample ## 
(Ma) prevailing during (Ma) 
alteration process 
314 DA 34.32.2.9 57.2 f 8.2 
314 DB 27.9f2.2 54.7 f 8.0 
GO 314D s i t e  (mean value) 1-5°C 56.024.9 
316 D22 ' 4.4f 0.7 90°C > 40°C, even 37 f 12 
i f  hydrothermal 
occurred 
I I O O C  metamorphism I 316 D27 <O. 7 316 DA CO. 7 I lO0C 
323 DA 2 3 . 2 +  2.6 52.7 f 8.9 
323 DB 24.8+ 2.8 53.92 9.5 
GO, 3231) s i t e  (mean value) 'L 10°C 53.3 f5.8 
325 D1 20.4 f 1.5 1-5°C 36.4 f 5.2 
I 
192 
the second interpretation, because the degree of fading of fossil fission tracks 
in glass 316D22 and the complete resetting of the fission-track clock in 
glasses 316D27 and 316DA (Table IV), provide direct evidence for an elevat- 
ed temperature regime to  which the samples from site GO 316D were exposed. 
This interpretation also allows for a period of dike injection. Thus, oceanic 
crust at this site is most likely contemporaneous with the ocean floor at sites 
GO 314D and GO 323D. 
DISCUSSION 
The above-mentioned data are too incomplete, and the regional setting 
not sufficiently well known, to  permit a geodynamic reconstruction of the 
D’Entrecasteaux Zone, and to confirm or to disprove the interpretation of 
Daniel et al. (1977). Petrological and geochronological studies of dredged 
samples from the South Rennell Trough are in progress, and will presumably 
clarify this problem. Larue et al. (1977) see in this structure, located 300 km 
to the northwest of the D’Entrecasteaux Zone (Fig.9), a remnant spreading 
zone which was active at about 30 Ma (Middle Oligocene). Nevertheless, this 
interpretation appears to be contradictory to the one of Lapouille (1982), who 
places anomaly 34 (80 Ma) close to the South Rennell Trough (Fig.9). There- 
fore, it seems more worthwhile at the present to search for possible relation- 
ships between the D’Entrecasteaux Zone, the Loyalty Basin, the North 
Loyalty Basin and the last tectonic phases in New Caledonia. 
Let us first consider the geometrical pattern formed by the New Caledonia 
ridge and the western part of the D’Entrecasteaux Zone (Fig.9). Major struc- 
tural directions trace a continuous arc, which is progressively deflected to 
the north and then to the northeast. This structural continuity could be the 
result of the same geological event (tectonic phase? subduction? obduction?) 
operating along a 1000-km zone. 
thrusted slice of the Loyalty Basin oceanic crust, emplaced during a southwest- 
ward obduction phase in Late Eocene times (40 Ma; Paris et al., 1979; Collot 
et al., 1982). According to Coudray (1977), this compressive phase was 
followed (from Middle Miocene to Early Pleistocene) by an extensional 
phase, which gave New Caledonia its present structural features. In general, 
the New Caledonia ridge may be considered as a large horst (length ca. 
700 km; width 60-80 km; vertical displacement several kilometers). We have 
also noted that the overall structure of the D’Entrecasteaux Zone resembles 
a series of horsts and grabens, often separated by important vertical dis- 
placements (sometimes higher than 1 km). These observations suggest that 
the same single tectonic process may be involved, and that uplift of ocean 
floor in the D’Entrecasteaux Zone horsts area may have been contemporane- 
ous with New Caledonia extensional movements (Middle Miocene-Early 
Pleistocene). The latter could correspond either to a late isostatic compensa- 
tion of the New Caledonia ridge, following the Late Eocene ultrabasic nappe 
obduction, or to a change in regional strain regime, correlated with the 
The New Caledonia peridotitic nappe presumably represents an over- 
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Fig.9. Synoptic map of the D'Entrecasteaux Zone in its regional context. 
geodynamic evolution of this margin area. Any of these events may have 
affected the eastern border of the North Loyalty Basin, since an important sedi- 
mentary hiatus occurs at this time (Miocene) in DSDP Site 286 series (Fig.G), 
which could indicate a period of strong deformation of the oceanic crust. 
However, this interpretation does not explain the presence of the thick and 
narrow basin which has been tectonically altered by the D'Entrecasteaux 
horsts uplift (Fig.4). If one accepts the hypothesis of the coincidence and 
continuity of tectonic movements between the New Caledonia chain and the 
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D'Entrecasteaux Zone during the Cenozoic, then the uplifted basin between 
the D'Entrecasteaux horsts was nothing but the northern extension of the 
Loyalty Basin. In addition it has to be supposed that at least until the begin- 
ning of extensional movements (Middle Miocene), no major structural 
obstacle rose between these two ensembles. 
floor and of its relations with the North Loyalty Basin crust remains un- 
solyed. Two possibilities can be considered: 
(a) The model of Lapouille (1982). In this case, it must be emphasized 
that the fission-track ages of the D'Entrecasteaux basalts do not accord with 
his interpretation of magnetic lineations in the North Loyalty and the North 
D'Entrecasteaux Basins (Fig.9). However, if one takes into account, the stan- 
dard deviation (ca. 5 Ma) of the fission-track ages, together with the fact that 
the age of DSDP 286 igneous basement might be a minimum age, it is not 
illogical to connect anomalies 18 (42 Ma) to 23 (55 Ma) of theNorthLoyalty 
Basin with the ages of 53.3 k 5.8 Ma of GO 323 D (59 Ma ?) and 56.0 k 4.9 Ma 
of GO 314 D dredgings (61 Ma ?). This implies that the age of DSDP 286 
basement is 55-61  Ma. Such northwestward increase of ocean-flodr age 
could therefore emphasize the progressive creation, from the Late Cretaceous 
onward, of oceanic lithosphere initiated at a southern spreading centre. 
According to this hypothesis, the spreading rate would have been nearly 3 cm 
a-', substantially higher than that obtained by the fission-track analyses. 
(b) Alternatively, if we take into account the difficulty of assigning an 
unambiguous age to a given magnetic anomaly, and if we consider only the 
fission-track ages obtained for the D'Entrecasteaux Zone (including the age 
estimate of 47 Ma for DSDP 286 basement), then all the data become consis- 
tent and support a northward age increase of the ocean crust. In this case, 
the spreading rate would have been around 1 cm a-l. 
Although available data are insufficient to decide between these two 
hypotheses, it seems likely that the area limited by 15" and 18"S, and 163" 
and 167"E is characterized by a regular northward age increase of the ocean 
floor. 
Finally, a last point should be considered: we have mentioned the DSDP 
286 drilling characteristics, but did not resolve the origin of the thick, Middle 
and Upper Eocene, andesitic volcano-sedimentary series, which seems to sup- 
port the proximity of an active Eocene island arc. The corresponding subduc- 
tion zone could have been the one which at that time was located in the area 
of the New Caledonia/Loyalty Islands. In this case, the Sabine Bank could 
correspond to the easternmost part of this Eocene island arc, which extended 
westwards and southwards to the Loyalty chain. The topographic highs 
which appear immediately south of the arched part of the D'Entrecasteaux 
Zone (Figs.1 and 9), as well as the basement of the Loyalty Islands would 
then represent the other remnants of this arc. Although Baubron et al. 
(1976) assigned a Late Miocene age (ca. 10 Ma) to the volcanism of these 
islands, it is likely that their dated samples originate from a very late volcanic 
stage associated with local isostatic readjustments. 
Yet the problem of the age of the D'Entrecasteaux Zone's uplifted ocean 
I 
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This assumption of a plate boundary passing through the area of New 
Caledonia/Loyalty Islands/D’Entrecasteaux Zone satisfactorily explains the 
island-arc volcanism documented at DSDP Site 286. However, as discussed 
above, it conflicts with the interpretation of Lapouille (1982) who considers 
an original structural continuity between the North Loyalty and the North 
D’Entrecasteaux Basins. 
CONCLUSION 
The D’Entrecasteaux Zone corresponds to a regional submarine topo- 
graphic height, which extends from the northern end of the New Caledonia 
ridge to the vicinity of Santo and Mallicolo Islands (Vanuatu; New Hebrides). 
Its morphology originated from an extensional horst- and graben tectonic 
phase, which resulted in the uplift and the exposure of ocean-floor basement. 
Basic volcanic rocks dredged along these horsts display the petrographic and 
cheinicd characteristics of ocean-floor tholeiites. Fission-track ages obtained 
for these samples range between 56 Ma (Paleocene-Eocene boundary) and 
36 Ma (Eocene-oligocene boundary). These results, combined with available 
geophysical data, lead to the following hypothetical reconstruction: 
(1) During Eocene times, a northeast-dipping subduction zone occurs 
along the New Caledonia/Loyalty Islands ridge, with the curved end of this 
convergent plate boundary marked by the D’Entrecasteaux Zone. The pro- 
ceeding volcanism resulted in the thick volcano-sedimentary series drilled on 
DSDP Site 286, and on the Loyalty Islands basement and its northern buried 
extensions. Along the D’Entrecasteaux Zone, these volcanic formations over- 
lie Eocene basaltic oceanic floor which was generated by a slowly spreading 
ridge. The latter could correspond to the creation of a marginal basin close 
to the active island arc. 
an oceanic lithosphere slab upon New Caledonia (i.e. overthrusting perido- 
titic nappes). 
(3) A tectonic hiatus separates these compressional movements and the 
following distension phase which was initiated during Middle Miocene times 
(15 Ma). The latter is interpreted as being responsible for the present mor- 
phology of the D’Entrecasteaux Zone, Progressive uplift of the horsts 
partially exposed the basaltic oceanic basement, while terminating the 
northern extension of the Loyalty Basin. 
As suggested previously by Daniel et al. (1977), the D’Entrecasteaux Zone 
may, therefore, be considered as the arched end of the New Caledonia sub- 
duction/obduction zone. Its geometry, which appeared during Eocene times, 
has been drastically altered since the Middle Miocene by extensional tec- 
tonics, which are thought to be late after-effects of the cessation of regional 
compressional stresses. 
(2) Late Eocene (40-38 Ma) subduction is followed by the obduction of 
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